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Density of states of pure NiMnSb (red) for electrons with both spin directions (majority and minority). The 
majority electrons exhibit conduction. The green curve shows the density of states with extra manganese 
with a ferromagnetic orientation. The black curve shows the density of state for the antiferromagnetic ori-
entation of the extra manganese. This state is the most stable. 
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1. Scientific results 2013 

 
Nijmegen 
Currently there are two PhD students working in Nijmegen in the framework of MTIN88: 
Pegah Zolfaghari finished her research on the electronic structure of three representative examples 
of organic/inorganic hybrid compounds. This work has been published. She presently concen-
trates on the calculation of nuclear magnetic resonance spectra under the supervision of 
dr. G.A. de Wijs. 
Engin Torun extended his work on the importance of conservation of angular momentum in 
catalysis by including ternary ruthenium oxides. Partial substitutions of ruthenium by tungsten, 
nickel, tin, titanium and cobalt have been investigated. The work has been submitted for publica-
tion. 
 
There are two remaining projects: the electronic structure of iron-selenides (Fe3Se4) and the origin 
of weak magnetism in compounds with the C15 structure. The electronic structure of Fe3Se4 is 
interesting. Not much of the physical properties of this compound is known from the literature. It 
is iso-electronic with the well-known Fe3O4 and FE3S4 but has a lower symmetrical spacegroup. 
This project is in collaboration with the Palstra group in Groningen, where Fe3Se4 is studied 
experimentally. 
 
Our earlier work on the electronic structure of C15 compounds focused on an unusual property: 
the magnetism of compounds like TiBe2 and ZrZn2. This is unusual since titanium and zirconium 
are not even transition-metals. The crucial ingredient is the absence of a crystal field splitting in 
compounds like TiBe2 and ZrZn2. The origin of the vanishing crystal field splitting is the special 
symmetry of the C15 structure in case of spherical maingroup atoms (like Zn or Be). The present 
research focusses on the crystal field splitting in actinides that crystallize in the C15 structure. 
Both of these projects are in an advanced state, but the writing of the thesis may require a two-
month contract extension. 
 
Twente 
Devising ways of opening a band gap in graphene to make charge-carrier masses finite is essential 
for many applications. Recent experiments with graphene on hexagonal boron nitride (h-BN) offer 
tantalizing hints that the weak interaction with the substrate is sufficient to open a gap at the Dirac 
point, in contradiction to earlier findings. To study the electronic structure of incommensurable 
graphene on a h-BN substrate, Taher Amlaki developed a minimal basis set tight-binding model 
(p_z orbitals only on B, C and N atoms) in which the diagonal blocks of the Hamiltonian and 
Overlap matrix were determined by fitting ab-initio band structures of monolayers of graphene 
and h-BN separately; the interaction matrix elements were determined by fitting ab-initio band 
structures of commensurable graphene on h-BN calculated as a function of the displacement 
(x, y, z) of the graphene with respect to the substrate. The fitting was performed for LDA band 
structures as well as for band structures calculated using the GW approximation of many body 
perturbation theory (MBPT). Using MBPT, Amlaki found that the small experimentally observed 
gap is suppressed by incommensurability. The sensitivity of this suppression to a small modula-
tion of the distance separating graphene from the substrate suggests ways of exposing the larger 
underlying gap. This work (done together with another PhD) has been written and submitted for 
publication. 
 
Zhe Yuan has studied transport through domain wall (DW) formed from the technologically 
important transition metal alloy, Permalloy (Fe20Ni80) and found that when spin-orbit coupling is 
included, transport is never adiabatic, no matter how long the DW is. A study of magnetization 
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damping in the non-adiabatic regime reveals quite unexpected dependence of the damping on the 
magnetization texture. It turns out that the tensor character of the damping is important and that 
distinct in-plane and out-of-plane components can be identified for Bloch and Neel DWs. The in-
plane component depends on the second derivate of the magnetization while the out-of-plane 
component exhibits a non-local behaviour which origin can be traced to the special electronic 
structure of Permalloy. 
 
The need to develop methods for studying Spin-Orbit coupling induced Torques (SOT) has 
become urgent since the observation of Spin-Hall and Dzyaloshinskii-Moriya Interaction related 
torques in bilayers consisting of one layer of magnetic material such as Ta or Pt through which an 
electric current is passed. Zhe Yuan has implemented all currently proposed methods for calcu-
lating current-induces SOTs and found that these break down for diffusive conductors. The failure 
can be traced to a need to explicitly take account of screening on the charge accumulation calcu-
lated using scattering theory. Rien Wesselink and Yuan have developed methods to calculate the 
spatial dependence of the chemical potential, non-equilibrium magnetization, charge and spin cur-
rents in a scattering region containing a non-collinearly aligned, diffusive ferromagnetic alloy for a 
magnetic texture such as a magnetic domain wall including spin-orbit coupling. A first application 
allows the important out-of-plane torque parameter to be evaluated. 
 
2. Added value of the programme 

It allows planning of research over a longer period. No new activities are planned; the programme 
will terminate in the middle of 2014. 
 
3. Personnel 

Nijmegen:  R.A. de Groot 
  E. Torun 
  P. Zolfaghari 
Twente: T. Amlaki 
  Z. Yuan 
  J. Chakraborty 
  R.J.H. Wesselink 
There are no vacancies and no guests. 
 
4. Publications 

Below is an overview of the most important publications per project is given. These were selected 
by the programme leader. 
 
03MTIN01 
- Excess manganes as the origin of the low-temperature anomaly in NiMnSb. 

Zhang, B., Heuver, J.A., Wang, F., Baas, J., de Wijs, G.A., Fukuhara, T., Palstra, T.T.M., de Groot, 
R.A., Physical Review B, Volume 88, Issue 1, 014418 (2013). 

 
- Role of Magnetism in Catalysis: RuO2 (110) Surface. 

Torun, E., Fang, C.M., de Wijs, G.A., de Groot, R.A., Journal of Physical Chemistry C, Volume 
117, Issue 12, 6353-6357 (2013). 
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03MTIN02 
- Spin-Orbit-Coupling-Induced Domain-Wall Resistance in Diffusive Ferromagnets. 

Zhe Yuan, Yi Liu, Anton A. Starikov, Paul J. Kelly and Arne Brataas, Physical Review Letters 
109, 267201 (2012). 

 
- Dynamics of Electrically Driven Martensitic Phase Transitions in Fe Nanoislands. 

L. Gerhard, R.J.H. Wesselink, S. Ostanin, A. Ernst, W. Wulfhekel, Physical Review Letters 111, 
167601 (2013). 
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Fact sheet as of 1 January 2014 

 FOM - 03.2017/13 
 datum: 01-01-2014 
 
 
APPROVED FOM PROGRAMME 
 
 
Number 88. 
  
Title (code) Materials-specific theory for interface physics and 

nanophysics (MTIN) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr. R.A. de Groot 
  
Duration 2004-2014 
  
Cost estimate M€ 3.7 
  
Concise programme description 

a. Objectives 

The aim of this programme is to understand the electronic, optical, magnetic and structural 
properties of materials and devices which are structured on a length scale of the order of 
nanometres. Basing this work on modern, parameter-free electronic structure calculations and 
simulations, ideally suited for problems of this size, makes materials-specific interpretation and 
predictions possible and allows studies complementary to phenomenological theories and 
experiment. 
 
b. Background, relevance and implementation 

One of the most important driving forces in condensed matter physics in the last thirty years has 
been the controlled growth of layered structures so thin that interface effects dominate bulk 
properties and quantum size effects can be observed. The huge success of this venture with 
virtually all classes of materials (semiconductors, magnetic materials, superconductors etc.) is the 
reason for wanting to reduce lateral dimensions to the nanoscale - leading to NanoScience. As 
lateral dimensions approach the nanoscale, surfaces, interfaces and ultimately nano-structures 
come to dominate the physical properties. 
 
Structures and properties on the atomic level are determined by complex interactions that require 
a full quantum-mechanical treatment. Microscopic characterisation of nano-scale systems presents 
a great challenge to experimentalists as well as theorists. The systems are small enough to allow 
studies from first-principles, and modern electronic structure calculations can make a significant 
contribution to this field. Computational studies can provide reliable and complementary 
information. Materials-specific theory provides a unique possibility to correlate electronic, 
magnetic and mechanical properties of nanosystems and interfaces with their atomic composition, 
structure, and environment. 
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Funding 

salarispeil cao per 01-07-2012 
 

bedragen in k€ < 2013 2014 2015 2016 2017 2018 > 2018 Totaal 

FOM-basisexploitatie 3.389 312 - - - - - 3.701 

FOM-basisinvesteringen  - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 3.389 312 - - - - - 3.701 

 
 
Source documents and progress control 

a) Original programme proposal: FOM-03.1627 
b) Decision Executive Board: FOM-03.2000/D 
c) Self-evaluation: FOM-08.1827 
d) Midterm evaluation: FOM-09.0537 
e) Decision Executive Board: FOM-09.0791/D 
 
 
Remarks 

In 2009 there has been a midterm evaluation of the programme. 
The final evaluation of this programme will consist of a self-evaluation initiated by the programme 
leader and is foreseen in 2014. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 PT par. HOZB 
 
 
Subgebieden: 65% NANO, 35% COMOP 
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Historical overview of input en output 

 

Input 
personnel (in fte)  finances* (in k€ ) 

WP/V WP/T PhD NWP 

2004 p.m. p.m. p.m. p.m. 244 

2005 p.m. p.m. p.m. p.m. 282 

2006 3.0 1.0 1.0 - 332 

2007 3.0 1.8 1.0 - 367 

2008 2.0 0.8 1.0 - 305 

2009 2.0 - 0.5 - 218 

2010 2.0 0.9 0.7 - 266 

2011 2.0 1.0 3.6 - 397 

2012 1.1 0.5 4.0 - 411 

2013 1.0 1.5 4.0 - 313 

 

Output 
PhD theses refereed publications other publications & 

presentations 
patents 

2004 1 - - - 

2005 - 13 29 - 

2006 - 11 30 - 

2007 2 18 46 - 

2008 2 18 33 - 

2009 1 8 10 - 

2010 - 7 18 1 

2011 1 9 20 - 

2012 - 4 23 - 

2013 - 12 17 - 

* After closing the financial year. 
 
 
PhD defences 

2004 
L. Chioncel, 13 September 2004, FOM-N-16. 

2005 
None. 

2006 
None. 

2007 
M.A. Uijttewaal, 16 May 2007, FOM-N-16. 
P.C Rusu, 25 October 2007, FOM-T-09. 

2008 
J.J. Attema, 4 December 2008, FOM-N-16. 
Michiel van Setten, 28 August 2008, FOM-N-16. 

2009 
I. Shokaryev, 7 December 2009, FOM-N-16. 

2010 
None. 

2011 
K. Jarolimek, 11 October 2011, FOM-N-16. 

2012 
None. 

2013 
None. 
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Patents (new/changes) 

2013 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-N-16 

Leader Prof.dr. R.A. de Groot 

Organisation Radboud University Nijmegen 

Project leaders Dr. G.A. de Wijs 

Programme Materials-specific theory for interface physics and nanophysics 

Project (title + number) 
Materials-specific theory for interface- and nanophysics (Nijmegen) 
03MTIN01 

 

FOM employees on this project 

Name  Position Start date End date 

P. Zolfaghari PhD 01 December 2010 30 November 2014 

E. Torun PhD 01 June 2010 31 May 2014 

R.A. de Groot WP/V 01 July 1984 31 August 2014 

 
 
Workgroup FOM-T-09 

Leader Prof.dr. P.J. Kelly 

Organisation Twente University 

Project leaders Dr. G. Brocks 

Programme Materials-specific theory for interface physics and nanophysics 

Project (title + number) 
Materials-specific theory for interface- and nanophysics (Twente) 
03MTIN02 

 

FOM employees on this project 

Name  Position Start date End date 

J. Chakraborty postdoc 01 July 2013 31 August 2014 

Z. Yuan postdoc 01 August 2012 31 January 2014 

R.J.H. Wesselink PhD 01 April 2011 31 March 2015 

T. Amlaki PhD 15 February 2011 14 February 2015 

 


